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Abstract 
 
A series of selected pyromorphite minerals Pb5(PO4)3Cl  from different Australian 
localities has been studied by Raman spectroscopy complemented with selected 
infrared spectroscopy.  The Raman spectrum of unsubstituted pyromorphite shows a 
single band at around 920 cm-1 but for the natural minerals two bands at 919 and ~932 
cm-1 attributed to the ν1 (PO4)3- stretching vibration. The observation of multiple 
bands is attributed to the non equivalence of phosphate units in the pyromorphite 
structure and the reduction in symmetry of the (PO4)3- units. This symmetry reduction 
is confirmed by the observation of multiple bands in both the ν4 bending region (500 
to 595 cm-1) and the ν2 bending region (350 to 500 cm-1).  The presence of isomorphic 
substitution of  (PO4)3- by (AsO4)3- units is identified by the ν1 symmetric stretching 
bands at around 824 and 851 cm-1 and the ν2 bending region around 331 and 354 cm-1.   
Contrary to expectation Raman bands in the 3320 to 3700 cm-1 region are observed 
and assigned to OH stretching bands of OH units resulting from the substitution of 
chloride anions in the pyromorphite structure. This study brings in to question the 
actual formula of natural pyromorphite as it is better represented as 
Pb5(PO4,AsO4)3(Cl,OH).xH2O 
 
Key words:  pyromorphite, mimetite, vanadinite, phosphate, arsenate, Raman 
spectroscopy 
 
Introduction 
 
 Pyromorphite is the lead chlorophosphate Pb5(PO4)3Cl and forms a continuous 
series with mimetite Pb5(AsO4)3Cl and vanadinite Pb5(VO4)3Cl [1].  In pyromorphites 
not only does anion substitution occur but also cation substitution for example 
replacement of the phosphate anion by arsenate anions and replacement of the Pb by 
for example Ca [2-5]. Thus minerals such as arsenopyromorphite and calcian 
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pyromorphite are formed  [6]. The latter is strictly phosphohedyphane 
Pb3Ca2(PO4)3Cl.  Pyromorphite forms in the oxidized zone of lead deposits, where it 
forms very brightly coloured, barrel-shaped crystals.  Most crystals of mimetite-
pyromorphite system are chemically zoned.  Recently, chemical variability in 
hedyphane was reported [7].  The crystal system of mimetite is known as a hexagonal 
(space group P63/m).  Mimetite has a dimorphic relationship with clinomimetite [8], 
which has a monoclinic system (space group P21/m). The phase transition between 
the hexagonal system and monoclinic system occurs only through shifts of O(3) atom 
position in the crystal structure of mimetite [9, 10]. 
 
Pyromorphite forms hexagonal crystals with point group 6/m [6].  
Pyromorphite is prismatic, sometimes with hopper or skeletal growth.  It also forms in 
radiating or branching groups.  Pyromorphite is also found as globular, botryoidal and 
reniform masses. According to the chemical formula, pyromorphite should be 
colourless. Whilst the mineral may be transparent to translucent, the colour of the 
mineral varies widely from green to dark green, reddish-orange, yellow to yellow 
brown. No doubt the colour is due to the isomorphous substitutions. Green Mimetite 
or yellow Pyromorphite can make identification between the two minerals difficult, 
but usually pyromorphite is green and mimetite is yellow. Such colourations lend the 
minerals to NIR spectroscopy. Vanadinite is usually red. Pyromorphite's main 
characteristic is its unique crystal habit of stacked branching barrel shaped crystals.  
 
 Farmer reported the vibrational spectra of minerals with a fluoroapatite 
structure [11]. The infrared spectra of pyromorphite showed bands at 1030 and 970  
cm-1 attributed to phosphate ν3 antisymmetric stretching vibrations and at 572 and 542 
cm-1 assigned to phosphate ν4 bending modes [11].  The infrared spectra of mimetite 
showed bands at 815, 803 and 783 cm-1 attributed to arsenate ν3 antisymmetric 
stretching vibrations and at 415 and 383 cm-1 assigned to arsenate ν4 bending modes 
[11].  The vibrational spectra of lead apatites were reported by Levitt and Condrate 
[12, 13]. Crystal structure and factor group analysis have been undertaken [14]. 
Bartholomai and Klee reported the vibrational spectra of single crystals of  
pyromorphite, vanadinite and mimetite [15].   
 
Raman spectroscopy has proven very useful for the study of minerals [16-18]. 
Indeed Raman spectroscopy has proven most useful for the study of diagentically 
related minerals as often occurs with carbonate minerals [19-23].  Some previous 
studies have been undertaken by the authors using Raman spectroscopy to study 
complex secondary minerals formed by crystallisation from concentrated sulphate 
solutions [24].  Very few recent spectroscopic studies of natural pyromorphite 
minerals have been forthcoming and what studies that are available are not new. Some 
Raman studies are available [25, 26].  In this work we have obtained Raman and 
infrared spectra of selected pyromorphites, arsenianpyromorphite and 
phosphohedyphane and relate the spectra to the structure of the minerals. 
 
Experimental 
 
Minerals 
 
The pyromorphite minerals were supplied by The Mineralogical Research 
Company.  A selection of pyromorphite minerals were also provided by The South 
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Australian Museum (Adelaide, Australia).  Table 1 reports the pyromorphite minerals 
together with their origin. All of the minerals except for the arsenian pyromorphite are 
from Australian mineral deposits. The minerals were analysed by EDX measurements 
for chemical composition and by powder X-ray diffraction for phase purity.  Some 
EDX measurements are given in Table 1. The XRD patterns of a selection of 
pyromorphite minerals from Australia and international origins are shown in Figure 1. 
Also shown is the reference pattern for pyromorphite. 
 
 
 
Raman spectroscopy 
 
The crystals of pyromorphite were placed and oriented on the stage of an 
Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. Previous studies by the authors provide more details of the 
experimental technique [27-30].  Some minimal background is observed in the spectra 
of pyromorphites. This background is removed by using performed using the 
Spectracalc software package GRAMS (Galactic Industries Corporation, NH, USA) 
by using a multipoint fitting function (Go to Grams, select arithmetic, select baseline, 
select multipoint fitting, select fit points to line). 
 
Band intensities in the Raman spectroscopy of crystals including minerals are 
very much dependent upon the orientation. Such studies have been undertaken by the 
authors [31-35]. The intensity will depend upon the orientation of the crystal relative 
to the incident beam. Such orientation effects were not explored in this research as it 
is beyond the scope of this research as the objective of the research was to study the 
isomorphous substitution especially looking for substitution by arsenate, hydroxyl and 
water in the pyromorphite structure.  
 
  
Mid-IR spectroscopy 
Infrared spectra of the pyromorphites were obtained using a Nicolet Nexus 
870 FTIR spectrometer with a smart endurance single bounce diamond ATR cell. 
Spectra over the 4000−525 cm-1 range were obtained by the co-addition of 64 scans 
with a resolution of 4 cm-1 and a mirror velocity of 0.6329 cm/s. Spectra were co-
added to improve the signal to noise ratio. 
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
‘Peakfit’ software package which enabled the type of fitting function to be selected 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 
done using a Lorentz-Gauss cross-product function with the minimum number of 
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component bands used for the fitting process. The Gauss-Lorentz ratio was 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 
results were obtained with squared correlations of r2 greater than 0.995.  
 
Results and discussion 
 
Raman spectroscopy 
 
 The Raman spectra of selected pyromorphite minerals in the 700 to 1200 cm-1 
region are shown in Figure 2.  The results of the band component analyses of the 
Raman spectra are reported in Table 2.  The Raman spectra show intense bands in the 
920 to 950 cm-1 region.  Two bands are observed for pyromorphite 1 (origin Mt Isa, 
Queensland) at 919 and 932 cm-1.  A single band is observed for pyromorphite 2 
(Rum Jungle, Northern Territory) at 925 cm-1.  This band is asymmetric and 
additional bands at 928 and 934 cm-1 may be resolved. In the spectra of pyromorphite 
2, two bands are observed at 802 and 824 cm-1. These bands are assigned to the 
(AsO4)3- ν1 symmetric stretching mode. The band at 925 cm-1 is attributed to the 
(PO4)3- ν1 symmetric stretching mode. Farmer based upon infrared spectra, also 
reported this band at 925 cm-1 [11]. Two bands are also observed for pyromorphite 3 
(Tennant Creek, Northern territory, Australia) at 919 and 946 cm-1.  For pyromorphite 
5 (Broken Hill, New South Wales, Australia) a single band is observed at 919 cm-1.  
This Raman band also shows some asymmetry and an additional component at 923 
cm-1 may be resolved. Two additional bands at 826 and 851 cm-1 are observed in the 
spectrum of pyromorphite 5. . These bands are also assigned to the (AsO4)3- 
symmetric stretching modes. 
 
The infrared spectra are shown in Figure 3.   The results of the band 
component analysis of the infrared spectra are reported in Table 3.  The spectra 
appear complex with a number of overlapping bands. An infrared band of low 
intensity is observed at around 916 cm-1. This band is the infrared equivalent of the 
Raman band observed at 925 cm-1.   Levitt and Condrate reported the symmetric 
stretching mode of (PO4)3- in pyromorphite at 920 cm-1 [12, 13]. Adler and Kerr found 
the infrared band to occur at 926 cm-1 [36].  Bartholomai and Klee published the 
single crystal spectra of pyromorphite [15]. Two bands were observed at 920 and 919 
cm-1 ascribed to the Ag and E2g vibrational modes. The latter band was very intense 
and the former intense. Two bands are resolved for pyromorphite 5 at 919 and 923 
cm-1 and these bands may be attributed to these vibrational modes.  
 
 The infrared spectra of the studied minerals are shown in Figure 3.  A series of 
bands for pyromorphite sample 1 were band resolved at 1049, 996 and 976 cm-1. The 
first band may be simply part of the background. These bands are attributed to the 
(PO4)3- antisymmetric stretching mode of pyromorphite.  Typically these bands are 
expected to show greater intensity in the infrared spectrum as compared with the 
Raman spectrum. Levitt and Condrate reported three Raman bands at 1014, 980 and 
947 cm-1 and attributed these modes to the antisymmetric stretching vibration [12].  
Bartholomai and Klee assigned bands at 1025 (weak), 1011 (weak) and 949 cm-1 
(strong) [15].  For pyromorphite 2, Raman bands are observed at 1055, 992, 959 cm-1 
and correspond at least in part to the observations of Bartholomai and Klee.  For 
pyromorphite 3 an intense Raman band at 946 cm-1 is observed which is within 
spectral resolution and is in agreement with the intense Raman band as published by 
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Bartholomai and Klee.  In the infrared spectra (Figure 3) two bands are observed at 
around 1017 and 950 cm-1 and are attributed to the antisymmetric stretching modes of 
(PO4)3-.  Levitt and Condrate reported infrared bands for pyromorphite in similar 
positions [12, 13].   
 
 The Raman spectra in the 500 to 700 cm-1 region for the selected 
pyromorphites are reported in Figure 4.  The simplest spectrum of pyromorphite 3 
shows two bands at 553 and 579 cm-1.  Farmer based upon the work of Bhatnagar and 
Levitt and Condrate [13, 37] reported two bands for pyromorphite at 542 and 572  
cm-1 [11].  These bands are assigned to the ν4 phosphate bending modes. The Raman 
spectrum of pyromorphite 2, is more complex with a significant number of bands at 
547, 554, 586 and 592 cm-1. Any reduction in symmetry of the phosphate anion 
because of isomorphous substitution will result in the loss of degeneracy and 
additional bands may be observed.  Such degeneracy is also observed for 
pyromorphite 1 where bands are observed at 543, 555, 575, 591 and 595 cm-1.  
Unsubstituted pyromorphite 1 has one less band that substituted pyromorphite 5. This 
difference can be explained by crystal orientation effects.   
 
 For the calcian pyromorphite, two bands which are quite broad in comparison to the 
pure pyromorphites are observed at 552 and 573 cm-1. These two bands, although of 
low intensity in the Raman spectrum, are also observed in the infrared spectra  at 
around 540 and 575 cm-1 (Figure 3). 
 
 The Raman spectra in the 100 to 500 cm-1 region of pyromorphite are 
displayed in Figure 5.  Bands are observed around 400 to 500 cm-1 and between 100 
and 250 cm-1. The first region is attributed to the ν2 bending modes of the phosphate 
units.  For pyromorphite 3, two Raman bands are observed at 393 and 409 cm-1.  
These bands are non-symmetric and other bands may be resolved. Additional bands 
are observed at 390, 419 and 436 cm-1. For pyromorphite 2, Raman bands are 
observed at 396, 424 and 430 cm-1.  The additional complexity is accounted for by the 
reduced symmetry of phosphate anion in pyromorphite 2. In addition two bands are 
observed at 331 and 354 cm-1.   These Raman bands are attributed to the ν2 bending 
modes of the arsenate anion [38-45] and in effect provides evidence for some arsenate 
substitution of phosphate in this mineral.   The Raman spectrum in pyromorphite 5 
shows an even more complex profile. Two Raman bands for pyromorphite 5 at 347 
and 375 cm-1 are attributed to the ν2 bending modes arsenate anion.  Pyromorphite 2 
and 5 are arsenian pyromorphite, indicated by the two additional bands. Two Raman 
bands at 347 and 375 cm-1 are attributed to the ν2 bending modes arsenate anion and 
the bands at 392 and 418 cm-1 to the ν2 bending modes of the phosphate anion.  
Pyromorphite 1, 2, 3 and 5 show exactly five bands after deconvolution in the range 
390-451 cm-1. The only difference is the additional bands 331-375 cm-1, which can be 
accounted for arsenate substitution.  It is noted that the position of these bands have 
not been previously reported. Farmer (page 390) simply state that the bands occurred 
at <400 cm-1 [11]. No recent vibrational spectroscopic studies of these types of apatite 
minerals have been forthcoming [46-48].  Botto et al. showed that by using 
vibrational spectroscopic techniques the Cl in pyromorphite can be replaced by OH 
units [49]. These workers also showed that some carbonate anions were present in a 
pyromorphite mineral and replaced the phosphate in the minerals [49]. In the calcian 
pyromorphite, two broad low intensity Raman bands at 340 and 361 cm-1 are 
attributed to the presence of arsenate and the Raman bands at 422, 440 to the 
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phosphate ν2 bending modes.  This study has shown that several of the so called 
pyromorphite minerals contain arsenate as a substitute for phosphate. It is apparent 
that arsenate can readily replace phosphate in the structure. The study of this spectral 
region goes a long way to proving the solid solution formation of the mimetite-
pyromorphite series [50].  A broad profile in the Raman spectra from 100 to 250 cm-1 
is observed. It is difficult to define the attribution of bands in this spectral region other 
than to define the bands as lattice modes. The intense band at 107 cm-1 is present in 
pyromorphite 1, 3 and 5 spectra but is absent in the spectra of pyromorphite 2 and the 
calcian pyromorphite. Such a presence or absence of a band may be due to orientation 
effects.  
 
 The Raman spectra of selected pyromorphite minerals in the 3000 to 4000  
cm-1 are shown in Figure 6.  Infrared spectra were also obtained but the quality of the 
spectra were lacking and were not reported. The spectra suffered from a poor signal to 
noise ratio and the spectrum of water vapour contributed to this noise.  It is interesting 
that significant Raman intensity is observed in this spectral region. There are a 
number of possibilities for the assignment of these bands (a) OH stretching vibrations 
as an isomorphic substitution of OH units for Cl- ions in the pyromorphite structure 
(b) the bands are due to OH vibrations of adsorbed water (c) the bands are due to OH 
vibrations of bonded water.  The Raman spectra of pyromorphite samples 1 to 3 show 
strong similarities in the 2500 to 4000 cm-1 region.  One possible interpretation is that 
the bands in the 3000 to 3450 cm-1 region are ascribable to water OH stretching 
bands; the higher wavenumber bands at for example 3508 and 3642 cm-1 for 
pyromorphite 1 may be attributed to  OH stretching vibrations resulting from the OH 
substitution for Cl- ions in the pyromorphite structure.  The higher wavenumber bands 
in the OH stretching region are not observed for the calcian pyromorphite. Instead a 
band at 3383 cm-1 is found and is assigned to the OH stretching vibration of water. In 
other words some water is involved in the structure of natural pyromorphite. Further 
research would need to be undertaken to prove this concept.  Botto et al. also found 
that Cl-OH substitution occurred for pyromorphite [49]. A previous study by the 
principal author on the Raman spectra of vanadinite also proved that substitution of 
vanadinite by phosphate and the partial replacement of chloride by hydroxyl units can 
occur [51].   
 
Conclusions 
 
 This research has found the following results. 
a) Raman spectroscopy can be used to characterise pyromorphite and arsenian 
substituted pyromorphites. 
b) For most pyromorphite minerals splitting of the ν1 (PO4)3- symmetric 
stretching mode is observed, implying the phosphate units in the structure are 
not equivalent. 
c) The implication is that the phosphate units are not all equivalent in the 
structure of pyromorphite 
d) In selected pyromorphite minerals some replacement of phosphate by arsenate 
occurs as is observed in the Raman spectra. 
e) Similarly replacement of the Cl- ion by OH- units is confirmed by the Raman 
spectra in the OH stretching region.  
f) Multiple bands in both the ν4 and ν2 bending regions support the concept of 
the reduction in symmetry of the phosphate anion in pyromorphite. 
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g) The true formula of pyromorphites in practice is significantly different from 
that commonly accepted. A more appropriate formula is 
Pb5(PO4,AsO4)3(Cl,OH).xH2O. Such a formula is supported by the work of 
Botto et al. who showed that substitution of Pb, (PO4)3- , and Cl by Ca, Ba, 
(CO3)2- and OH can readily occur [49]. 
h) This research has also shown that pyromorphite contains chemically bonded 
water. 
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Code Mineral Formula 
Arsenate 
substitution
%PbO %P2O5 %As2O5 %Cl 
Origin 
Pyro 1 Pyromorphite Pb5(PO4)3Cl  82.3 16.1 0.1 2.7 Mount Isa, QLD 
Pyro 2 Pyromorphite “ 
AsO4 Not 
measured
   
Brown's Prospect, Rum Jungle, NT 
Pyro 3 Pyromorphite “  82.2 14.7 - 2.6 Tennant Creek, NT 
Pyro 4 Pyromorphite “  82.8 15.7 trace 2.6 Broken Hill, NSW 
Pyro 5 Pyromorphite “ AsO4 82.9 12.6 4.5 2.7 Broken Hill, NSW 
Pyro 6 Pyromorphite “  82.8 15.4 0.3 2.6 Kintore Open Cut, Broken Hill, NSW 
Pyro 7 
Calcian 
Pyromorphite (Ca,Pb)5(PO4)3Cl 
Not 
determined 
    
Block 14 Mine, Broken Hill, NSW 
Pyro 8 
Arsenian 
Pyromorphite Pb5(AsO4,PO4)3Cl
AsO4 82.9 10.6 5.5 2.8 
Bunker Hill Mine, Kellogg, Idaho, USA 
 
Table 1 Table of the pyromorphite minerals used in this work and their origin 
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Pyromorphite - 1 Pyromorphite - 2 Pyromorphite - 3 Pyromorphite - 5 Calcian Pyromorphite 
Centre FWHM % Centre FWHM % Centre FWHM % Centre FWHM % Centre FWHM % 
               
      3722 116 1.67 3745 101 0.62    
3642 119 3.39    3637 89 6.65 3644 121 5.70    
3508 173 4.84    3565 122 5.71 3536 161 6.43 3483 56 0.51 
3395 96 18.38    3441 135 24.37 3408 124 30.85 3425 75 2.55 
3341 38 5.61    3386 82 27.29 3383 72 17.06 3383 64 5.51 
3304 44 3.22    3309 68 20.84 3307 69 12.75 3321 93 3.39 
3262 74 3.04    3240 74 7.58 3241 61 3.82    
3195 64 1.26          1160 54 1.52 
            1109 50 11.51 
   1084 28 0.99    1077 53 0.44 1071 41 6.44 
1049 86 5.52 1055 20 4.12 1062 71 0.29       
   1034 25 1.07          
   1031 53 4.13 1027 40 0.46 1022 34 1.09 1025 41 2.38 
1011 21 1.61       1011 18 0.97 1002 12 6.34 
996 16 1.05 992 33 4.57       1000 29 3.42 
976 10 1.25 984 20 0.79 980 28 0.39    975 36 4.03 
955 73 9.00 959 29 14.94 958 20 0.51 955 109 2.55    
947 10 1.31       948 15 0.89 948 25 1.01 
932 10 14.18 934 19 3.49 946 15 1.65 946 12 0.97    
   928 13 10.04 923 12 0.36 923 12 3.20    
919 9 6.85 925 15 14.42 919 9 0.64 919 9 5.05 919 12 0.40 
   846 25 2.63    851 12 0.78    
   824 17 11.20    826 18 1.64    
   802 40 5.03    819 7 0.44    
         788 19 0.22    
   606 20 0.32       624 15 1.53 
595 7 1.06 592 8 0.42    583 10 0.05 592 57 4.38 
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591 25 0.75       581 12 0.18    
588 9 0.13 586 13 1.53    574 8 0.20 573 16 1.50 
575 9 0.49 571 28 1.61 579 17 0.05 554 8 0.05 552 30 4.27 
555 9 0.67 554 8 0.26 553 12 0.06 544 5 0.09    
543 8 0.18 547 14 0.53    541 6 0.07    
   451 20 0.31       450 28 6.68 
437 22 0.82 430 31 3.10 436 15 0.03 432 18 0.15 440 17 4.48 
429 12 1.14 424 16 1.35 419 17 0.12 420 13 0.31 422 15 2.38 
418 15 1.71 402 35 2.54 416 45 0.07 418 10 0.53    
398 17 1.58 396 13 2.02 409 12 0.20 409 15 0.21    
392 11 0.53    393 9 0.12 392 14 0.45    
      390 16 0.10       
   379 15 0.19    375 9 0.15    
         366 11 0.02 361 18 0.57 
   354 23 1.10    347 10 0.15 353 20 0.50 
   331 21 0.92    341 9 0.03 340 24 1.59 
            271 25 0.88 
247 64 0.69          244 29 3.24 
            230 20 4.15 
         213 27 0.30 218 20 5.53 
207 42 1.90 208 51 2.43 207 42 0.13    206 19 4.52 
198 17 1.60 188 34 1.80 190 20 0.17       
180 19 1.21    177 15 0.14 181 50 0.65 181 25 0.85 
   163 29 1.50 163 26 0.13    163 20 2.03 
155 41 3.79 145 18 0.65 157 35 0.08 157 19 0.50 146 13 1.83 
143 9 0.32    145 21 0.13    132 10 0.06 
      114 10 0.03       
106 7 0.93    107 7 0.04 108 10 0.45    
 
Table 2 Results of the Raman spectroscopic analysis of pyromorphites 
(Band percentage was calculated as normalised to total band areas)
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Pyromorphite - 1 Pyromorphite - 2 Pyromorphite - 3 Pyromorphite - 5 Calcian Pyromorphite 
Centre FWHM % Centre FWHM % Centre FWHM % Centre FWHM % Centre FWHM % 
               
2362 22 1.80             
2340 9 0.24             
2329 28 1.48             
            1877 77 0.49 
            1790 61 0.21 
            1683 117 0.38 
            1608 48 0.15 
   1515 31 0.43 1518 37 0.15       
   1437 73 5.64 1428 89 1.67 1432 52 1.07    
         1387 88 1.31    
   1357 108 7.89 1340 64 1.18       
   1330 39 3.37 1330 26 0.26 1312 47 1.66    
         1302 16 0.03    
            1190 45 1.70 
            1166 17 0.92 
            1099 112 28.43 
            1084 36 2.19 
         1053 49 6.74 1057 26 1.77 
   1040 72 19.18       1037 48 7.98 
1017 84 33.08    1009 88 27.72 1015 51 16.20 998 57 12.44 
961 36 6.51 969 71 16.80 952 46 15.28 956 60 30.31 962 51 10.44 
935 71 15.20          940 42 3.09 
920 8 0.21 908 105 21.47 916 48 16.21 916 43 5.83    
894 129 20.55    885 48 11.51 892 40 6.34 895 24 0.58 
            885 94 11.72 
      849 45 6.29 859 72 10.89    
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   837 55 5.99       822 174 4.92 
   804 4 0.07 802 90 11.10    798 16 1.98 
777 132 15.37 791 55 6.00    791 84.8 9.52 778 28 5.49 
   738 95 8.60       752 53 3.63 
      722 87 5.24 716 84.8 5.81    
            692 16 0.78 
678 78 3.26 667 53 1.67 662 57 1.15 658 55.0 1.27    
            628 12 0.31 
571 15 1.39 577 18 1.43 575 14 0.51 573 13.6 0.92 570 19 0.39 
      567 11 0.97 566 10.5 1.03    
538 14 0.91 539 16 1.10 536 13 0.75 537 13.9 1.02    
 
 
 
Table 3 Results of the Infrared spectroscopic analysis of pyromorphites 
 
 17
List of Figures 
 
Figure 1  XRD patterns of a selection of pyromorphite minerals 
 
Figure 2  Raman spectra of pyromorphite in the high wavenumber region. 
 
Figure 3  Infrared spectra of pyromorphite in the high wavenumber region. 
 
Figure 4  Raman spectra of pyromorphite in the low wavenumber cm-1 
region. 
 
Figure 5  Raman spectra of pyromorphite in the low wavenumber region. 
 
Figure 6 Raman spectra of pyromorphite in the OH stretching  region. 
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